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Louvered fins constitute a major methodology for heat transfer enhancement. Of critical
significance in evaluating the worthiness of such fins is the comparison between the heat
transfer and pressure drop for a thus-finned heat exchanger with the baseline case of a
counterpart plain-finned heat exchanger. Up to the present, it appears that such com-
parisons are confined to heat exchangers in which one of the participating fluids passes
through circular tubes. In another basic geometry in which louvered fins have been em-
ployed, the aforementioned participating fluid passes through flattened tubes which are
virtually rectangular in cross section. The focus of the present paper is to obtain results for
the latter basic geometry for both louver-fin-based heat exchangers and counterpart
plain-fin-based heat exchangers. The results were obtained by means of numerical si-
mulation over a range of Reynolds numbers spanning approximately a factor of five. Over
this range, enhancements of the heat transfer rate ranged from factors of approximately
2.2–2.8. Over this same Reynolds number range, the pressure drop increased by factors of
2.3–3.6. This outcome is attributable to the fact that the rate of heat transfer is less sen-
sitive to the velocity than is the pressure drop.
& 2015 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Louvered fins are a widely used means of improving the thermal performance of heat exchangers. On the other hand, it is
widely acknowledged that the periodic interruption of an otherwise orderly flow and the concomitant mixing extracts a
major toll in increased pressure drop. The increased pressure drop is not necessarily a sufficient deterrent to negate the use
of louvered fins. That judgment depends on the application in question. For example, if the louver-fin-related pressure drop
is one of many pressure drops encountered by a flowing fluid along a series flow path, the increased pressure drop may well
be acceptable.
Among the broad range of louver-fin heat exchanger configurations, it is possible to identify two general categories. One
of these, designated here as Type I, is an array of circular tubes, with the tubes deployed perpendicular to an assemblage of
parallel louvered fins. In the other category, Type II, the tubes are flattened so that they resemble flat rectangular ducts with
rounded edges.ss article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
n).
Fig. 1. Schematic diagram of a louver-finned heat exchanger of Type II.
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heat transfer and pressure drop characteristics but also those of the plain-fin heat exchanger that is the counterpart of the
louver-fin exchanger in question. A literature search was performed to identify publications in which results for both
counterpart louver-fin and plain-fin heat exchangers are available. It was found that papers which convey this type of
comparative information were limited to Type I heat exchangers [1–6]. In the present paper, it is Type II heat exchangers
that are of particular interest in accordance with the motivating application. No literature comparing counterpart louver-
finned and plain-finned heat exchangers for Type II was found.2. Physical situation
A schematic diagram of a Type II louver-finned heat exchanger is displayed in Fig.1. One of the two participating fluids
passes through the flattened, near-rectangular tubes. A louvered plate, periodically folded and then bonded to the surface of
the flattened tube, forms the flow channels through which air passes over the louvers. For the plain-finned heat exchanger,
the same material and thickness are used as for the counterpart louver-finned heat exchanger.
Inspection of Fig. 1 suggests the existence of an intrinsic periodicity of the geometry. Away from the outboard ends of the
heat exchanger, there is no reason that any one fin and its adjacent airflows differ fluid-wise and temperature-wise from any
other fin and its fluid. This observation suggests that there is no need to investigate the fluid flow and heat transfer in the
entire heat exchanger. For the case of the louver-finned heat exchanger, the solution may be confined to one fin and to half
of the respective flow channels on each side of the fin. Since the plain-finned case is symmetric, the solution domain may be
limited to half of the fin thickness and half of one of the adjacent flow channels, either above or below the fin.
To supplement the schematic representation of Fig. 1, a photograph of an actual Type II louvered heat exchanger is
displayed in Fig. 2.
A schematic diagram showing the front face of the louver-finned heat exchanger is exhibited in Fig. 3 to facilitate theFig. 2. Photograph of an actual Type II louver-finned heat exchanger.
Fig. 3. Front-face view of the investigated louver-finned heat exchanger.
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numerical values of the dimensions in mm.3. Solution methodology
The problem under consideration is three-dimensional with regard to both fluid flow and heat transfer. In addition, for
the application of interest, the flow is turbulent. The heat transfer problem includes convective transfer in the fluid and heat
conduction in the fin. Heat transfer problems of this type are designated as conjugate.
Numerical simulation is the appropriate means of solution. The governing conservation laws for the fluid flow and
convective heat transfer are the Reynolds-averaged Navier–Stokes (RANS) equations, the continuity equation, and the First
Law of Thermodynamics for a flowing fluid. The characterization of turbulence is accomplished by replacing the viscosity m
in the RANS equations by (mþmturb), where mturb is a fictive concept of convenience called the turbulent viscosity. A number
of models have been proposed as means for the determination of mturb, none of which are without questionable approx-
imations. The choice of an appropriate model is based on the performance of the model in question in situations similar to
that currently being solved. In that regard, the authors' investigations of pipe and duct flows have demonstrated that the
Shear Stress Transport (SST) model [7] has provided satisfactory results compared with counterpart experiments.
In this light, the SST model is adopted here as the means of determining the turbulent viscosity. The use of the SST model
adds two more equations to those identified in the foregoing for the fluid. For the fins, the relevant equation is the First Law
of Thermodynamics for a fixed mass system.
For the execution of the numerical solutions, ANSYS CFX 14.5 software was employed. This software uses the finite-
volume approach to discretize the governing partial differential equations. Of critical importance with respect to the ac-
curacy of the results is the meshing of the solution domain. In particular, the number of nodes (a node is a location where
the governing equations are solved) is of direct significance. A systematic variation of the number of nodes between three
and four million showed only a 0.2% change in the calculated rate of heat transfer. On this basis, it may be concluded that the
mesh is satisfactory.
It remains to specify the boundary conditions. The velocity of the air at the inlet of the interfin space was specified atFig. 4. Louver deployment.
Fig. 5. Vector diagram for the plain-fin case.
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compressible, the mean velocity at any cross section in the interfin space is equal to U. The specified inlet velocities are 7.6,
9.1, 10.7, 18.3, and 36.6 m/s (25, 30, 35, 60, and 120 ft/s).
The temperature of the entering air was also uniform at the value Ta,in. At the interface of the fins and the flat tubes, the
temperature is uniform and equal to Tbase. The fins are of the aluminum alloy 3003 with a thermal conductivity of 161.2W/m-C.
At the exit of the flow space, the pressure is specified to be ambient.4. Patterns of fluid flow
Vector diagrams are employed as the means of flow visualization. Fig. 5 displays the flow pattern for the plain-fin case.
Owing to symmetry that prevails above and below the plain fin, it is only necessary to display results for the fluid on one
side of the fin. The left-hand portion of the figure, upstream of the vertical dividing line, represents a channel flow that
precedes the fin. The fluid encounters the fin just after the dividing line. The fin thickness causes a displacement of the flow
which initiates the development of a new boundary layer. There is no evidence of mixing internal to the flow.
The vector diagram for the louver-fin case is displayed in Fig. 6. In this situation, symmetry does not prevail so that a complete
presentation of the flow pattern must include the spaces both above and below the louver fin. Upstream of the leading edge of the
fin, the flow is that of a simple channel flow. At the forward end of the fin, the flow splits into portions that pass above and below
the fin. In the upper portion of the flow, the flow is generally straight and parallel except near the forward edge of the fin and just
above the first louver. There is an upflow near the forward edge as the flow turns to escape the forward-edge blockage. The second
zone of upward flow is attributed to flow deflected from below the fin by the first louver.
The flow below the fin is more complex. As the flow passes the forward edge of the fin, there is an initiation of a
downflow. That flow direction can be attributed to the downstream blockage caused by the presence of the first louver. That
blockage forces the flow to pinch into a narrow cross section between the tip of the louver and the surface of the adjacent
fin. Between each of the successive louvers, there is a captive eddy that contains a low-velocity, sluggish recirculating flow.
This type of fluid flow is not necessarily advantageous to enhance heat transfer. On the other hand, the louvers that extend
into the below-the-fin space are, in fact, fins themselves. In that regard, they provide heat transfer enhancements.
Of particular note is that the first louver affects the flow differently from all subsequent louvers. Whereas the first louver enables
fluid to pass through from the lower side of the fin to the upper side, the downstream louvers do not perform this function.5. Results and discussion
Attention is now directed to the heat transfer and pressure drop results. Let Q denote the rate of heat transfer from the
heat exchanger as a whole to the flowing fluid. To assure accuracy, separate values of Q were obtained from the First Law of
Thermodynamics applied to the flowing fluid and from integration of the local heat fluxes over all of the participating
surfaces of the fin. The respective heat transfer rates for the louver-finned heat exchanger are denoted by Qlouver and that for
the plain-finned heat exchanger as Qplain. The focus of the heat transfer results is the ratio Qlouver/Qplain. This ratio is re-
presented by one of the curves in in Fig. 7.
The pressure drop experienced by the air passing through the heat exchanger is denoted by Δp. The other curve in Fig. 7
represents the ratio of p p/louver plainΔ Δ . Both of the curves are plotted as a function of the Reynolds number, which is defined
as Re UL /pρ μ= , in which ρ and μ are, respectively, the density and dynamic viscosity of the flowing fluid (air), and U is the
mean velocity of the fluid. The quantity Lp is the pitch of the louvers which can be identified in Fig. 4 and Table 1 as the
dimension E.
Inspection of Fig. 7 confirms the expectation that the use of louver fins leads to a substantial enhancement of the rate ofFig. 6. Vector diagram for the louver-fin case.
Fig. 7. Heat transfer and pressure drop results in dimensionless form.
Table 1
Fin and louver geometric dimensions (mm).
A B C D E F G
8.1 6.25 0.82 24 1.05 0.55 27°
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respective heat transfers varies from approximate 2.2–2.8. Over the same Reynolds number range, the ratio of the respective
pressure drops is 2.33–3.56. Not unexpectedly, the percentage increase in pressure drop due to louvering is greater than the
percentage increase in the heat transfer. It is interesting that the two percentage increases are virtually the same at the
lowest investigated Reynolds number and deviate with increasing values of the Reynolds number.
The outcomes identified in the preceding paragraph can be attributed to the different sensitivities of the pressure drop
and the heat transfer rate to the velocity. For the pressure drop, that dependence for the plain-finned heat exchanger is
proportional to the power 1.37 whereas the power dependence for the louver-finned heat exchanger is 1.64. The increased
sensitivity of the pressure drop to the velocity for the louver-finned case is physically appropriate. For the rate of heat
transfer, the power-law dependencies on the velocity are 0.70 and 0.563, respectively for the louver- and plain-finned cases.
These results indicate that the rate of heat transfer is less sensitive to the velocity than is the pressure drop. This, again, is in
accordance with physical expectations.6. Concluding remarks
This investigation has provided the first comparison of louver-finned heat exchangers with a counterpart plain-finned
heat exchangers in which one of the participating fluids passes through flattened tubes. All of the previous comparisons of
louver- and plain-finned heat exchangers were restricted to the case in which the aforementioned participating fluid passes
through circular tubes. The study was implemented by numerical simulation over a Reynolds number range spanning a
factor of approximately five. At the low end of this Reynolds number range, the heat transfer enhancement due to louvering
was virtually the same as the increase in pressure drop. With increasing values of the Reynolds number, the pressure drop
increase outran the heat transfer increase. This finding is attributed to the fact that the rate of heat transfer is less sensitive
to the velocity than is the pressure drop.References
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